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ABSTRACT 

Hurnan progenitor cells are extracted from perivascular 
(21) Appl. No.: 10/961,919 tissue of human umbilical cord. The progenitor cell popu 

lation proliferates rapidly, and harbours osteogenic progeni 
tor cells and MHC—/— progenitor cells, and is useful to groW 

(22) Filed: Oct. 8, 2004 and repair human tissues including bone. 
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PROGENITOR CELLS FROM WHARTON’S JELLY 
OF HUMAN UMBILICAL CORD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to, and is a con 
tinuation-in-part of, International Application No. PCT/ 
CA2004/000182, ?led Feb. 10, 2004, of Which the United 
States is a Designated State, Which Was published in English 
under PCT Article 21(2) on Aug. 26, 2004 as International 
Publication No. WO 2004/072273, Which is based on and 
claims priority to US. Provisional Application No. 60/446, 
275, ?led Feb. 11, 2003. The contents of both Provisional 
Application No. 60/446,275 and International Application 
No. PCT/CA2004/000182 are incorporated fully herein by 
reference. 

FIELD OF INVENTION 

[0002] This invention focuses on the harvesting of a 
population of rapidly proliferating human cells from the 
connective tissue of the umbilical cord (UC); the culture of 
such cells in osteogenic, chondrogenic, adipogenic and 
myogenic conditions; the demonstration of a high percent 
age of cells Within these populations that are immunologi 
cally incompetent, as shoWn by their lack of cell surface 
histocompatibility antigens; and the ability of these cells to 
be used as a source of multipotent progenitor cells for 
various cell-based therapies. 

BACKGROUND OF THE INVENTION 

[0003] The UC is one of the ?rst structures to form 
folloWing gastrulation (formation of the three embryonic 
germ layers). As folding is initiated, the embryonic disc 
becomes connected, by the primitive midgut (embryonic 
origin) to the primitive yolk sac (extra-embryonic origin) via 
the vitelline and allantoic vessels Which in turn develop to 
form the umbilical vessels (HaynesWorth et al., 1998; Pereda 
and Motta, 2002; Tuchmann-Duplessis et al., 1972). These 
vessels are supported in, and surrounded by, What is gener 
ally considered a primitive mesenchymal tissue of primarily 
extra-embryonic derivation called Wharton’s Jelly (WJ) 
(Weiss, 1983). From this early stage, the UC groWs, during 
gestation, to become the 30-50 cm cord seen at birth. It can 
be expected therefore, that W] contains not only the ?bro 
blast-like, or myo-?broblast-like cells Which have been 
described in the literature (see beloW), but also populations 
of progenitor cells Which can give rise to the cells of the 
expanding volume of W] necessary to support the groWth of 
the cord during embryonic and fetal development. 

[0004] W] Was ?rst described by Thomas Wharton, Who 
published his treatise Adenographia in (1656) (Wharton T 
W. Adenographia. Translated by Freer S. (1996). Oxford, 
UK: Oxford University Press, 1656; 242-248). It has 
subsequently been de?ned as a gelatinous, loose mucous 
connective tissue composed of cells dispersed in an amor 
phous ground substance composed of proteoglycans, includ 
ing hyaluronic acid (Schoenberg et al., 1960), and different 
types of collagens (Nanaev et al., 1997). The cells dispersed 
in the matrix have been described as “?broblast-like” that 
are stellate in shape in collapsed cord and elongate in 
distended cord (Parry, 1970). Smooth muscle cells Were 
initially observed Within the matrix (Chacko and Reynolds, 
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1954), although this Was disputed by Parry (1970) Who 
described them as someWhat “unusual ?broblasts” Which 
super?cially resemble smooth muscle cells. Thereafter, little 
Work had been done on characteriZing these cells until 1993 
When Takechi et al. (1993) performed immunohistochemical 
investigations on these cells. They described the cells as 
“?broblast-like” that Were “fusiform or stellate in shape With 
long cytoplasmic processes and a Wavy netWork of collagen 
?bres in an amorphous ground substance” (Takechi et al., 
1993). For the immunohistochemical staining, they used 
primary antibodies against actin and myosin (cytoplasmic 
contractile proteins), vimentin (characteristic of ?broblasts 
of embryonic mesenchyme origin) and desmin (speci?c to 
cells of myogenic origin) in order to determine Which types 
of myosin are associated With the W] ?broblasts. They 
observed high levels of chemically extractable actomyosin; 
and although ?broblasts contain cytoplasmic actomyosin, 
they do not stain for actin or myosin, Whereas the W] 
?broblasts stained positively for both. Additionally, positive 
stains for both vimentin and desmin Were observed leading 
to the conclusion that these modi?ed ?broblasts in W] Were 
derived from primitive mesenchymal tissue (Takechi et al., 
1993). A subsequent, more recent study by Nanaev et al. 
(1997) demonstrated ?ve steps of differentiation of prolif 
erating mesenchymal progenitor cells in pre-term cords. 
Their ?ndings supported the suggestion that myo?broblasts 
exist Within the W] matrix. The immunohistochemical char 
acteriZation of the cells of W], shoWs remarkable similarities 
to that of pericytes Which are knoWn to be a major source of 
osteogenic cells in bone morphogenesis and can also form 
bone nodules referred to as colony forming unit-osteoblasts 
(CFU-O) (Aubin, 1998) in culture (Can?eld et al., 2000). 
[0005] Recent publications have reported methods to har 
vest cells from UC, rather than UC blood. Mitchell et al. 
(Mitchell et al., 2003) describe a method in Which they ?rst 
remove and discard the umbilical vessels to harvest the 
remaining tissue. The latter, Which Will include both the 
remaining WJ (some of Which Will have been discarded With 
the vessels, since the umbilical vessels are entirely envel 
oped in WJ) and the amniotic epithelium, is then diced to 
produce small tissue fragments that are transferred to tissue 
culture plates. These tissue fragments are then used as 
primary explants from Which cells migrate onto the culture 
substratum. 

[0006] In another publication, Romanov et al. (2003) 
indicate they Were successful in isolating mesenchymal stem 
cell-like cells from cord vasculature, although they also 
indicate their cultures do not contain cells from W]. Spe 
ci?cally, they employ a single, 15 min, collagenase digestion 
from Within the umbilical vein, Which yields a mixed 
population of vascular endothelial and sub-endothelial cells. 
Romanov et al. shoW that sparse numbers of ?broblast-like 
cells appear from this cell harvest after 7 days. 

[0007] Also, US. Pat. No. 5,919,702 describes a method 
of isolating “pre-chondrocytes” from the W] of human UC, 
and their use to produce cartilage. Particularly, the method 
comprises slicing open a one inch section of cord longitu 
dinally, dissecting aWay the blood vessels and ‘casing’, 
Which are then discarded, and collecting the W] into a sterile 
container Where it Was cut into 2-3 mm3 sections for cul 
turing. In a preferred method, cells are isolated by placing a 
2-3 mm3 section of the W] on a glass slide on the bottom of 
a Petri dish, covering it With another slide, and culturing it 
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for 10-12 days in order to allow the ‘pre-chondrocytes’ to 
migrate out to the culture dish surface. 

[0008] It is an object of the present invention to provide a 
cell population comprising human progenitor cells. 

[0009] It is another object of the present invention to 
provide a source from Which human progenitor cells can be 
extracted. 

[0010] It is a further object of the present invention to 
provide a method for the isolation of human progenitor cells. 

[0011] It is a further object of the present invention to 
provide human osteoprogenitor cells useful for the produc 
tion of bone tissue. 

[0012] It is a further object of the present invention to 
provide human mesenchymal progenitor cells useful for the 
production of cartilage tissue, adipose tissue and muscle 
tissue. 

[0013] It is a further object of the present invention to 
provide human immuno-incompetent progenitor cells useful 
therapeutically. 

SUMMARY OF THE INVENTION 

[0014] There has noW been devised a procedure for 
extracting cells from Wharton’s jelly of human umbilical 
cord, Which yields a unique cell population characteriZed by 
rapid proliferation, the presence of osteoprogenitor and 
other human progenitor cells, including immuno-incompe 
tent cells Which display neither of the major histocompat 
ibility markers (human leukocyte antigen (HLA) double 
negative). The cell population is a useful source of progeni 
tor cells from Which to groW bone and other connective 
tissues including cartilage, fat and muscle, and for autogenic 
and allogeneic transfer of progenitor cells to patients, for 
therapeutic purposes. 

[0015] More particularly, and according to one aspect of 
the present invention, there is provided a Wharton’s jelly 
extract, Wherein the extract comprises human progenitor 
cells and is obtained by enZymatic digestion of the Whar 
ton’s jelly proximal to the vasculature of human umbilical 
cord, in a region usefully termed the perivascular Zone of 
Wharton’s jelly. The tissue Within this perivascular Zone, 
and from Which the present progenitor cells are extracted, 
can also be referred to as perivascular tissue. The extraction 
procedure suitably results in an extract that is essentially free 
from cells of umbilical cord blood, epithelial cells or endot 
helial cells of the UC and cells derived from the vascular 
structure of the cord, Where vascular structure is de?ned as 
the tunicae intima, media and adventia of arteriolar or 
venous vessels. The resultant extract is also distinct from 
other Wharton’s jelly extracts isolated from the bulk Whar 
ton’s jelly tissue that has been separated from the vascular 
structures. 

[0016] In accordance With another of its aspects, the 
present invention provides a method for obtaining a human 
progenitor cell, comprising the step of isolating the cell from 
the Wharton’s jelly extract obtained in accordance With the 
invention. 

[0017] In a related aspect, the present invention provides 
a cell population obtained by culturing of the cells present in 
the Wharton’s jelly extract. In embodiments, there is pro 
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vided a population of osteoprogenitor cells. In other embodi 
ments, there is provided a population of immuno-incompe 
tent progenitor cells. 

[0018] In one embodiment, the extracted progenitor cell 
population is characteriZed as an adherent cell population 
obtained folloWing culturing of the extracted cells under 
adherent conditions. In another embodiment, the extracted 
progenitor cell population is characteriZed as a non-adherent 
(or “post-adherent”) (PA) cell population present Within the 
supernatant fraction of extracted cells groWn under adherent 
conditions. This PA fraction is derived by transferring the 
supernatant of the initially plated HUCPV cells into a neW 
T-75 ?ask to alloW the as yet non-adhered cells to attach to 
the culture surface. This process is repeated With this neW 
T-75 ?ask, transferring its media into another neW T-75 ?aks 
in order to harvest any remaining PA cells. This PA cell 
population comprises, according to another aspect of the 
invention, a subpopulation of progenitor cells that, When 
cultured under adherent conditions, proliferates rapidly and 
forms bone nodules and fat cells spontaneously. This 
embodiment provides a means to increase the yield of 
adherent cells isolated from the enZymatic digest cell popu 
lation. 

[0019] Also provided by the present invention is a popu 
lation of committed osteoprogenitor cells characteriZed by 
the property of differentiating into bone cells When cultured 
in the absence of supplements otherWise required for such 
differentiation. 

[0020] In another of its aspects, the present invention 
provides a method for producing connective tissue, includ 
ing bone tissue, cartilage tissue, adipose tissue and muscle 
tissue, Which comprises the step of subjecting cells obtained 
from the Wharton’s jelly extract to conditions conducive to 
differentiation of those cells into the desired connective 
tissue phenotype. In this respect, the invention further pro 
vides for the use of such cells in cell-based therapies 
including cell transplantation-mediated treatment of medical 
conditions, diseases and disorders. 

[0021] More particularly and according to another aspect 
of the invention, there is provided a composition and the use 
thereof in tissue engineering, comprising progenitor cells in 
accordance With the invention or their differentiated prog 
eny, and a carrier suitable for delivering such cells to the 
chosen tissue site. 

[0022] These and other aspects of the invention Will noW 
be described in greater detail With reference being had to the 
accompanying draWings, in Which: 

DESCRIPTION OF THE FIGURES 

[0023] FIG. 1 is a light micrograph representing the three 
distinct Zones of tissue represented in the human UC; 

[0024] FIG. 2 is a representative illustration of the looped 
vessel in the collagenase solution; 

[0025] FIG. 3 is a light micrograph of the cells isolated 
from the W] that have attached to the polystyrene tissue 
culture surface; 

[0026] FIG. 4 is a light micrograph illustrating the initial 
formation of a CFU-O; 

[0027] FIG. 5 is a light micrograph illustrating a mature 
CFU-O; 






















